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. .!L\TTERIOR SEGMENT PHOTOGRAPHY 
AN EVALUATION OF THE VARIOUS TECHNIQUES Al�D FILMS 
Abstract: 
This paper investigates some of the various methods of 
photographing the anterior segment of the eye. It deals 
with slit lamp photography, macrophotography, and hand-held 
photography and points out the advantages and disadvantages 
of each. Various films including color negative, color 
slide, and infra-red film w�re also employed in order to 
determine the benefits of each. The Hentor slit lamp is 
dealt "ith in particular in order to develop photographic 
attachments for it. This paper also explains why ocular 
photography is important and how to do it. 
� . . 
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Int roduct i on 
Pho t ography i s  a very pra c t i cal and pre cise method of 
data r e c o rding. In the h e al th c are profess i ons the eye has 
been the subje ct of much photograph i c  re search. Ocular 
pho tography ·was f i r s t  att empted in the middle of the 19th 
century1• Sin c e  that time the sophistication of ante rior 
s e gment pho t o graphy has progr e s s ed along with the s tate-of-
the-art o f  g eneral pho t o graphy. 
In the 1930's and 1940's there was increasing interest 
reflected in the ophthalmic l i t e rature regarding pho t ographi c 
do cumentat i o n  o f  ocular pathology. Knighton2, Irvin e and 
St imson3 , Bo gart4 , Ketzin5 , and Lander s 6 devel oped methods 
o f  ante ri o r  segment pho t ography ut i l izing the general close -up 
pho t o graphy t e chni ques of p lu s  l enses and extension tub e s .  
Abrahams on7'
8'9 reported on a s i mple te chn i que for taking 
ante ri or s e gment photographs with extension tubes between 
the camera and lens and ordinary light bulbs for illumination . 
He l at e r  re fined the method by incorporating a macro lens 
for higher magnification and strobe lighting for more efficient 
illuminati on. 
Since the introduction of the single lens reflex (SLR) 
camera, the SLR has b e c ome the most popular camera used in 
o cular photography. Numerous investigators such as Dine10, 
Bai l ey1
1 , and Sussman.12 have delineated the advantages of the 
I 
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SLR over other types of cameras. Some of these advantages 
include a view finder which shows exactly what will appear 
on the film, focusing screens which allow quick precise 
focus, high quality interchangeable lenses, and numerous 
available accessories. Other cameras which have been used 
include Instamatic, Polaroid, and range finders which have 
the inherent problem of view finder paralax. Koetting13 
and Crosby14 have employed these cameras in blacklight photo-
graphy ivhere high magnification and resolution are not 
extremely important. 
Most monocular macrophotography of the eye has been done 
using magnifications of 1:2 or 1:1; however, in 1970 Brown15 
reported using up to 10:1 magnification successfully. He 
also states some of the disadvantages incurred by the use of 
high magnification; the field of view is reduced, the depth 
of focus is reduced, and the effective f-stop is incr a 
thus reducing the amount of light reaching the film . These 
3 
all create problems with subject movement during the necessarily 
long exposure. 
The most recent work in macrophotography of the eye llas 
. 11 16 i� 18 11 16 been done by Bailey ' , Ciuffreda ', and Gutner • Bailey ' 
revie,ved the variou s  macro techniques and utilized an electronic 
flash for illumination. Ciuffreda17 reviewed all the avail-
able macrophotography equipment and commented on the advantages 
of each. Gutner18 described a convenient hand-held macro 
set-up. 
- The simplest form of close-up photography is the use 
of plus lenses over the camera lens. Either commercial 
close-up lenses or ophthalmic lenses may be utilized as 
suggested by Cyr19• For low power lenses the results are 
satisfactory but high power lenses result in distortions. 
A second method of macrophotography employs extension 
tubes or bellows, both of which allow an increased lens to 
film distance and a decreased object to lens distance which 
results in magnification from the Image/Object ratio. The 
lens may also be reversed which will allow better abberration 
control since the lens is designed for an object distance at 
least ten times greater than the image distance. Photography 
employing a bellows or extension tubes results in high quality 
photographs but the effective f-stop is increased by the factor: 
(marlrnd f-stop) X _(extension + _ focal l_engt.h} 
Effective f-stop = 
(focal length ) 
This riecessitates a longer exposure time. 
Another means of increasing the magnification is to use 
a tele-converter which effectively doubles or triples the 
focal length of the lens while retaining its original close 
focusing distance which telephoto lenses do not nonnally have. 
The result is greater magnification with a long comfortable 
patient t,o lens working distance. 11he disadvantages of this 
are that the resolution is degraded somewhat and the effective 
f-stop is doubled or tripled. 
The last method of using a special macro lens will 
probably produ ce the best results since it is specially 
made for this type of photography, However, it is also 
one of the most expensive methods , The bellows and extension 
tubes allow the most magnification of any of these methods, 
Several of the methods may be incorporated toge the r at the 
same time for even greater magnification. 
The first successful use of photography through the 
optics of a slit lamp was by Goldma.nn
1 
in 1940. Early slit 
lamp photographs were difficult due to the need of coincident 
focusing of the optics and light beam and the low light 
levels present, Brent20 and deGuillebon & Lee21 included 
electronic flash in the slit lamp illumination system. 
DeGuillebon and Lee21 cited the advantages of the use of 
flash as: 1) short exposure time due to the higher light 
) 
level, 2) elimination of the disturbing effects of the patient's 
voluntary and involuntary eye movements, and 3) satisfactory 
depth of field and illumination for photographic documentation 
of corneal, lenticular, and fundus pathology. Zeiss and Nikon 
now manufacture photographic slit lamps with electronic flash 
capability, 
Recent literature focuses on the use of the Nikon and 
Zeiss slit lamps in photography. Kaps22 published a review 
of slit lamp photography with emphasis on the use of the 
Nikon and Zeiss slit lamps. Rengstorff and Krause23 developed 
very complete exposure tables that apply to the Nikon slit 
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lamp. These tables are for corneal photography but the 
exposure and flash settings can be modified slightly for 
9-
general slit lamp photography. Rengstorff and Krause-) 
found that light requirements increase as magnification 
increases and recommended 16X as a maximum magnification 
for most photographs. 
--· 1 . l d B 211 d 1 d t h . f :::,1rn ni \: an aumann eve ope a ec nique or use 
with the .Nikon slit lamp which does not use the flash attach-
ment.. Pictures are taken using only the normal slit lamp 
illumination system. Shutter speeds of up to one second are 
needed which requires instructing the patient to remai n  as 
still as possible duri ng the exposure. Skolnik and Baumann24 
devi sed the non-flash techniques after having two failures 
of the flash unit. They concluded that clinically useful 
pictures can be taken without the added cost of the flash 
unit and without the necessity of adjusti ng an auxiliary 
piece of equi pment. 
There i s  some published literature involvi ng the use 
of the Haag-Strei t  slit lamp i n  photography. DeGuillebon 
and Lee21 developed an electronic flash for the model 900 
Haag-Streit sli t  lamp. No details are given on the exposure 
settings used. 
No literature was found on the use of photography i n  
conjunction with the Mentor, Marco, or Topcon sli t  lamps. 
Mentor and Topcon have recently marketed 35mm photographi c  
adaptors, although no auxiliary flash unit i s  available. 
6 
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-Also we could not obtain any literature about the adaptation 
of cameras to slit lamps that do not have commercially avail-
able adaptors. 
1rl1e majority of anterior segment photography to date 
has been done 1'fi th blacl{ and white and color film which is 
sensitive only to the visible spectrum of light. However, 
there has been considerable investigation into the use of 
infra-red (IR) sensitive film as well. Infra-red photography 
was discovered by Vogel in 187325. 96 
') .... 
·Mann- , Feldman-J, ancl 
Clark27 have reported on some of the clinical uses of IR 
photography. The main use of IR film in anterior segment 
photography seems to be to penetrate dense corneal opacities 
which scatter visible light. Opaque areas on the cornea 
have little or no effect on the transmission of IR light. 
This allows ocular structures behind the opacity to be photo-
graphed. Infra-red photography has also been used to photo-
graph and monitor pupil size in the dark. 
The most recent literature on IR photography uses color 
IR film. This film gives a color picture but some colors 
are altered depending on the IR reflectivity of objects in 
the picture. Shigekawa, et.ai.28 reported that a melanoma 
of the iris appeared larger and more defined when photographed 
lvi th color IR film rather than normal color film. In fundus 
photography, Dallow29 reported that pigmented tumors are 
more defined when photographed with IR film. 
7 
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Host authors favor the use of Kodak High-Speed Ektachrome 
film for color anterior segment photography. Bailey11, 
Goodlaw3°, Rengstorff and Krause23, and Ciuffreda17 reported 
their preference for High-Speed Ektachrome (ASA 160) in macro­
photography and slit lamp photography. Skolnil� and Baumann24 
used ASA 125 tungsten color balance ftlm but developed it at 
�o ASA 320. Goodlmv.J also notes that ASA 160 film may be 
developed at an ASA :rating of 1100. This method of processing 
will enable lower light levels and shorter shutter speeds to 
be used. This would be of use in high magnification and non-
flash slit lamp photographic applications. No data has been 
presented on the use of other high speed color films in ocular 
photography. 
1Yi th black and white photography, Ciuffreda17 recommends 
Kodak Plus-X (ASA 125) film in macrophotography techniques. 
23 In their work with the Ni1rnn slit lamp, Rengstorff and Krause 
used Kodak Tri-X {ASA 400) film. 
After searching the literature it is obvious that photo-
graphy has become an important documentary tool which should 
be utilized by the vision care specialist. This is becoming 
increasingly important today for medical-legal reasons. 
DiChiara31 has a comprehensive list of the reasons for having 
-o photographs as part of a patient's record. Goodlaw) states: 
11The differentiation of tissue changes due to 
active pathology from benign changes, scarring, or 
congenital abnormalities which do not further threaten 
visual well-being may not always be made on first 
observation. Often repeated observations over a 
8 
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period of time can lJe the only means to determine 
that tissue is changing abnorrr.ally. Therefore, a 
technique which permits comparison of the tissue 
as it was to what it is now can be a valuable aid 
in differential diagnosis. Furtheniore, a technique 
which permits quantifing the changes ·will add pre­
cision to the quality of observations and accuracy 
to decisions. Photography provides just such a 
technique." 
There have been articles published about slit lamp and 
non-slit lamp photography but none really suggest which n�ethod 
is best for the optometrist to use. Since there has not been 
literature published about the use of the Mentor and other 
slit lamps, we directed our research at developing photographic 
systems for these slit lamps and comparing them to other slit 
lamps and out of slit lamp techniques. 
9 
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l'Iethodolog;y 
This project investigated the follmving questions and 
the answers were provided by the methods following each 
question. 
l. \'!hat method of photography yields the best information 
in a given situation and provides convenient uncl economical 
use? What are the advantag e s and disadvantages unique to 
each of tlie various techniques of macrophotog raphy and slit 
lamp photography? 
Single lens reflex camera systems were chosen for use 
because of their versatility and ease of use in b o th sli t  
lamp and ruacrophotography. Other types o f  c ameras did not 
offer these advantages and were not used. 
lie examined four methods of macrophotography. The fi rst 
is a close-up lens system where a plus lens is added to the 
front of the normal camera lens so that close focusing can 
10 
be attained. The sec o nd type of macro photography we i nvestigated 
was the use of au adj us table bellows. 'l1his increases the 
lens-camera distance to create magnification and closer 
focusing. The third method also increases the lens-camera 
distance by the use of extens i o n  tubes. The fourth method 
is the use of a mac r o  lens whi ch is spec ially designed f o r  
close-up photography. A 2X tele- c o nverter was also inc o rporated 
into the macrophotography methods to see what advantages 
c ould be obtained. 
I 
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Through use of each of these systems we gained information 
on their practicality and effectiveness in a clinical setting. 
Patients were photographed with each macrophotographic method 
and the resulting photographs compared with respect to clarity, 
depth of field, evenness of illumination, and ability to 
record the desired information. Slit lamp photographs of 
patients were also compared. There was an evaluation of the 
ability of each method to record the desired details. 
An electronic flash was used for illumination in macro-
photography. During blacklight photography of fluorescein 
patterns, filters were employed to enhance the Visibility of 
the fluorescein pattern. Additional comparisons of the utility 
of macrophotography and slit lamp photography were made in 
the recording of contact lens fitting. 
We determined which slit lamps could be modified for 
photography with a simple adaptor which we developed. At 
present there are several slit lamps that have no commercially 
available photographic adaptors or that have photographic 
attachments that are quite expensive and complex. We perfected 
photographic techniques through several slit lamps in an 
effort to determine the utility of our adaptor. 
g. What information is gained by the use of different types 
of film including black and white, color slide and print film, 
and infra-red film? 
Normal and pathological eyes were photographed with each 
type of film. We could then see if one film type had an advantage 
· ' 
' 
in revealing details of the object of interest. The films 
were also evaluated as to their relative cost per picture. 
Host slit lamps do not have mudliary flash attachments 
for photography. We used the new high speed color slide and 
print films to help eliminate the long exposures usually 
necessary without a flash. 
We also used infra-red film to see if this specialization 
is of use to the optometrist. There are reports of the use 
of IR film in cases of corneal opacities and iris melanomas. 
l• Is the additional data gained by the use of these photo­
graphic techniques and films of clinical importance such as 
an aid in early detection of pathology or monitoring changes 
in pathology'? 
These techniques and films were assessed as to whether 
they P!Ovided the desired results. These photographic 
12 
methods were employed in Pacific University's Electrodiagnostic 
Clinic where accurate recording and follow up care is important. 
Patient's pictures taken during the project were incorporated 
into their clinical records at Pacific University. 
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Results 
Macrophotographr: 
Our inve s tigat i on of the various macrophotography methods 
available was influe nc ed by the factors of economy an d ease 
of use. These two factors will be of highest priority in 
an optometrist's decision of whether or not to incorporate 
photography into his practice, an d therefore we gave them 
high pri o r i ty in our study. There are four common me thods 
of macrophotography as outlined in the in trodu c ti on. These 
methods involve the use o f  close-up lenses, macro lenses, 
ext ension tubes, and b ellows. 
Close-up lenses were not investigate d  in depth because 
the advantages present we re not suffi c i ent to make thi s 
method desi rable ove r o ther available m e thods. Close-up 
l enses are inexpensive ($20) and are e asily used. The dis­
advantages are sign i fi cant, though. A 1:1 magni f i cat ion 
rat io i s  the maximum prac t i cally available w i th close-up 
lenses. A 1:1 ratio c orresponds t o  a pi c ture that covers 
an eye from c anthus to canthus. This requi res a t o tal o f  
20 di opt e rs o f  plus lens i n  comb i nat ion with the normal 50mm 
lens, result ing in a working d i stan c e  of 5 cm b e tween the 
e ye and lens. Othe r m ethods gave increased magni f i cat i on 
13 
wi th a longer w o rking dist an c e .  W e  also felt that t h e  opt i cal 
quality o f  pi ctures taken w i th c lose-up lenses would d e t e r i o rate 
rapidly as the magn i f i c at ion approached 1:1. 
A second method of macrophotography t hat was not in-
vestigated ful ly was th e use of a macro l ens. We believe 
that a macro lens would not prove to be any more usefu l than 
other methods that we developed in detail. A macro l ens 
has the disadvan tages of c osting $150-;�200 and has limited 
versatility in areas o ther than close-up pho t ography . 
Although the opti cs are d esign ed specifically for ma cro-
photography, resulting in bet ter image qua lity , w e  did n o t  
have any problems with picture quality with l ess expensive 
methods. A macro l ens is design ed to giv e  a b e t t e r  flat 
field image than can be ob tained �ith the o th er c l ose-up 
pho t og raphy m e thods. lfuen a pic ture is taken of a flat 
14 
obje c t , a ma c ro l ens wi ll give redu c ed abe rrations an d curvatur e 
of field at the edges of the pic ture. The ant erior eye is 
not a fla t field , so a macro lens could be question ed as 
to whe ther it would have a signifi cant optical advantage in 
the case of ant e rior s egment ph o tography. Ma cro l enses can 
giv e  1:1 t o  2:1 magnifi cation. 
In sho rt , a mac ro l ens d o es n o t  have any outs tan ding 
advantage that would justify its expense ove r  o t h e r  methods 
of ma cr oph o t ography . W e  had n o  p rob lem wit h  image qua lity 
with o ther wacr ophotography methods, s o  we did n o t  f e e l  the 
need to l o ok c l os e ly at ma c ro l enses. 
The macropho t ography methods t hat w e  worked w i th extens:i,v e ly 
were the use of ext ensi on tubes and adjustab l e  b e l l ows. 
Extension tubes and be l l ows b o th in crease the lens-camera 
L 
L 
L 
L 
distance to give closer focusing and incre ased magnification. 
A bellows gives more range of adjustment and provides more 
ex.tension and magnification than do extension tubes. A 
bellows is bulkier than extension tubes and requires a tri­
pod for steady support. 
Extension ttibes and bellows can be use d with the normal 
50mm lens s·upplied with most single lens reflex cameras. 
There is no need to buy another lens specifically for close­
up photography. Extension tube s cost fro:r.1 :;�li0-�60 and a 
bellows costs from $70-$135. We usecl the automatic type 
15 
·where the automatic aperature stop-d01·.i.1 is carried mechanically 
through the bellows or extension tubes to the lens. While 
more expensive than non-automatic types, the automatic 
extension tubes and bellows are handier to use and are more 
generally available. 
The camera system used was Canon. The accessories used 
in this study are standard items that can be found in any 
SLR camera system. A set of three extension tubes; 12mm, 
20rnm, and 36mm lengths were used in conjunction with the 
standard 50mm fl . 8 Canon lens and the Canon FTb and TX camera 
backs. 
Using all of the extension tubes (to give 68mm of ex­
tension) it was possible to obtain 1.4:1 maximum magnification. 
This gives a complete eye picture that includes both canthi. 
With the use of the 12mm tube only, bilateral eye photographs 
are possible. This system worlcecl very well for hand-held 
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anterior eye photos. A flash was used and will be described 
later. The use of extension tubes and the 50m  lens gave 
acceptable photographs with no problem of distortion. The 
range of magnification is adequate for general anterior 
photography where a full eye picture is desired. 
Later the use of a 2X tele-converter was combined with 
the extension tubes to give greater versatility in magnifica-
tion and working distance. A tcle-converter is an accessory 
that is placed between the lens and the camera. It costs 
�20-$40. The purpose of a 2X tele-converter is to double 
the focal length of the lens (e.g. a 50mm lens becomes a 
100llll1 lens in characteristics by using the tele-converter ) . 
This gives a telephoto effect when used with the lens alone. 
've used the tele-converter in an unconventional manner by 
combining it with the extension tubes and the lens. The 
effect of the tele-converter Has to increase the working 
distance and increase magnification. 2:1 magnification can 
be obtained by using the tele-converter-extension tube 
combination and still maintain a uorking distance of 25cm. 
There are many possible placements of the tele-converter in 
relation to the extension tubes. By trial and error we 
found combinations to give 1:1, 2:1, and bilateral pictures. 
These combinations are outlined in Appendix I. 2:1 magnifica-
tion includes slightly more than one iris width, or a field 
of about 17mm. This camera system is easily operated and 
can be hand-held without problem. 
16 
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We developed a photographic system utilizing the bellows 
which was designed to give higher magnifications than could 
be easily obtained witll a hand-held extension tube system. 
Since the bellows is bulky and the amount of extension is 
great, the camera system had to be set on a tripod. A simple 
table-top ca.'llera stand was constructed from aluminum flat 
stock. A small instrument table was used with an attached 
head rest. Fine focusing is necessary at high magnifications 
and the head rest helps minimize any problems of patient 
movement. The flash is mounted on a flexible arm a t tached 
to the head rest. 
With the use of full bellows extension and extension 
tubes, a lens-camera distance of 208mm could be gained ( the 
bellows is ll10mm long at full extension and total extension 
tube length is 68mm). This resulted in 4. : 1 magnification 
with 9mm of field. Working distance between the lens and 
eye at this maximum magnification was 4- 5cm. This created 
much difficulty in lighting the eye evenly because of the 
limited area for placement of the flash between the camera 
lens and the eye. The pictures talrnn at t his magnification 
were fair, but it was quite difficult to set up due to the 
close proximity of the lens, eye, and flash. 
We then decided to incorporate the 2X tele-converter 
into the bellows system. This increased magnification and 
17 
working distance. The maximum magnification available through 
use of the tele-converter is nearly 7:1 with a working distance 
- - - --i 
__ ,. 
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I 
of 6-7cm, making it much easier to use. The increased work-
ing distance helped reduce the problem of flash illumination. 
For tele-converter-extension tube placements in relation to 
the bellows to give magnifications of )X to 7X see appendix I. 
18 
This extends the range o f  magni:fication of the macrophotography 
techniques from bilateral eye pictures up through a magnifica-
tion where the pupil nearly fills the picture. This has 
been done with a minimum of accessories and expense. 
The picture quality has not been a problem with any of 
the magnifications used. The use of the tele-converter and 
the long extensions have no doubt produced uno r thodox optical 
combinations, but the pic tures do n o t  seem to have suf:fered 
greatly from i t .  A technique which we did not try i s  revers-
ing the lens. A normal 50:rmn len s is designed with the c on-
sideration that object distances will be much greater than 
the image distance. This is the case with normal photography . 
With the use of lens extension, the image distances become 
longer than the obj e c t  distances . The optics in this situa-
tion are more favorab le if the lens is reversed . There are 
special adaptors available that all01·1 motmting the reversed 
lens on the camera. The automatic aperature stop-down can 
not b e  used when this is done . Since there was no problem 
with image quality, we do n o t  feel that the reversing ring 
is worth the inc onvenien c e .  
Another important c onsideration i n  high magnification 
photo graphy is depth o f  fo cus . At the l ower magnifications 
.) 
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(up to 2X), the depth of focus is very adequate. Hand-
hel d  pictures are easy at this low magnification since the 
focus is not extremely critical. At these lower magnifica­
tions, all parts of the eye are in focus. As the magnifica­
tion increases, depth of focus decreases a.nd focusing becomes 
more critical. ·rhe table mounted nature of the bell ows 
system enables more critical focusing. At high magnifica­
tions and long extensions, it is difficu l t to get enough 
lig ht through the camera system to focus the patient's eye. 
Room light is not nearly adequate, so an auxili ary light is 
needed. A sma l l  high intensity lamp mounted on a flexible 
gooseneck is fine for this purpose. This gave enough light 
to focus without causing undue discomfort for the patient. 
The hand-held system is easily focused in good room illumina­
tion. 
Depth of focus in the higher magtiifications appears to 
be adequate as long as the structure of interest is carefully 
focused. At higher magnifications it is not possible to get 
the iris and cornea in focus at the same time. This would 
suggest that the depth of focus is approximately 3mm at 5-7:1· 
magnification. This could create some difficulty in taking 
pictures of something with much depth such as lens opacities. 
Whenever a magnification as high as this is used, the area 
of interest will usually be quite small and discrete. 
Another problem experienced at very high magnifications 
was the coarseness of the focusing screen in the camera. 
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Our came ras had s tandard f o cus i ng s c re ens that are use d f o r  
g enera l  purp o s e  pho t o g raphy . A f o cusing s creen i s  a p i e c e  
o f  ground glas s i n  t h e  c ame ra upon 1vld ch the ima g e  produ c e d  
by the l e n s  i s  v i ewe d .  \·li t h  the h i gh e r  magni fi c a t i ons above 
2 :  1, the imag e b e cah"'l e  hazy due to the c o ar s ene s s  of the 
s t andard focus i ng s cre en . Thi s made it d i f f i cult t o  fo cus 
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on v e ry fine de tai l such as l imbal b l o o d  v e s s e l s . Thi s  pro b l em 
can very l ilrn ly b e  reme di e d  by u s ing a f o cusing s cr e en 
de s i gne d s p ec if i c ally f o r  mac r o ph o t ography . I t  was n o t  
p o s s ib l e  t o  re p l a c e  th e f o cu s ing s c r e en in our c ame ras , s o  
we were n o t  ab l e  to try a macro f o cu s ing screen. A cam e ra 
that has the feature o f  int e rchange ab l e  f o cusing scre ens 
wou l d  be o f  advant ag e h e re . 
fin ele ct ro ni c . s t rob e f l a s h  was u t i l i z e d  wi th the macro­
pho t ography t e chni qu e s  to get the p ro p e r  i l lumina t i on of the 
eye . Pi c ture s can b e  t aken wi th avai l ab l e  r o om l i ght , but 
thi s  i s  no t prac t i cal due to the l ong exp o sure t ime s and the 
large aperatures needed to g e t  enough l i ght t o  the f i lm 
through the long ex tensi ons . An e l e c t roni c flash provides 
an i n s t antane o u s , bri l l i an t  f l ash o f  i ll uminat i on that fre e z e s  
movem en t , allows sma l l  ape rature s t o  b e  used ,  and c auses 
minimum pat i ent discomfort. 
Since mac roph o t o graphy uti l i. z e s  c l ose work ing distan c es 
f o r  the f l ash , only a sma l l  f l a s h  i s  ne eded. We u s e d  a Honey­
well S trobonar 109 wi th a gui d e  numbe r  o f  28 f o r  ASA 2 5  f i lm. 
Thi s  i s  ab out the smalle st si z e  flash availabl e .  A more 
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p owerful f l a s h  than gu i de numb e r  28 i s  n o t  re qu i r e d  from 
an i l l um i nat i on s tandp o int . Due to the ve ry sma l l  s u b j e c t  
t o  f l a s h  d i s tan c e ,  t h e  output o f  the e l e c t roni c f l a s h  mus t 
b e  r e du c e d  by a p e rature s and/o r  neu t ra l  dens i ty f i l t e r s . 
Th e f l a s h  output c an be r e du c e d  by masking part o f  t h e  f l a s h  
wi th tap e o r  by u s i ng a cardb oard c ov e r  wi t h  t h e  de s i re d  
a r e a  cut out . An a l t ernat ive i s  to u s e  a s e ri e s  o f  n e u t r a l  
dens i ty f i l t e rs t o  c ove r the flash to a l l ow o n l y  a c e r t a i n  
p e r c entage o f  l i gh t  t o  e s cape f rom the f l a s h  window . An 
ap e rature has t h e  advantage o f  r e du c ing the amount o f c o rne al 
l i gh t  r e f l ex cau s e d  by th e area of the f l a s h  wi ndow . Neutral 
dens i ty f i l t e rs have the advantage of e a s i e r  re gu l a t i on of 
the l i gh t  outpu t . The f l a s h  output can b e  vari e d  s imp l y  by 
c hang i ng t h e  numbe r  o f  f i l t e r s  i n  front o f  the f l a s h . 
We c omb i ne d the advantage s  o f  ape rature r e duc t i on and 
neutral den s i ty f i l t e rs by i n c o r p o ra t ing b o t h  sys t ems on t h e  
f l as h .  An ape rature was c on s t ru c t e d  o f  cardboard t o  c ove r 
t h e  f l as h . The a p e rature was o f  a s i z e  to al l ow the maximum 
amount o f  l i gh t  f rom the f l a s h  t hat i s  ne e d e d  f o r  any o f  t h e  
magni f i c a t i on s  u s e d .  Then a sma l l h o l d e r  was c on s t ru c t e d  
f o r  neut ral dens i ty f i l t e rs t o  c ov e r  t h e  ape rature . Thi s  
enab l e d  t h e  f l a s h  output t o  b e  r e du c e d  furth e r  i n  s i tuat i ons 
whe r e  l e s s  l i ght was n e e de d .  The ape rature r e du c e s  the 
amount of c o rneal r e f l ex area and the s l i p - in f i l t e rs a l l ow 
easy r e gul a t i o n  o f  f l a s h  inten s i ty .  
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The f l as h  was moun t e d  j u s t  m1derneath the f ront part 
o f  the c am e ra l ens in the hand-h e l d  sys t e m . A brack e t  was 
made from f l a t  aluminum tha t p o s i t i on e d  the f l a s h  h o ri z on-
tal l y  a t  the front p l ane of the l ens . Th e f l a s h  c o u l d  be 
ang l e d  up o r  down dep ending o n  the subj e c t  d i s t an c e . The 
brack e t  was attached to the t r i p o d  s o ck e t  on the cam e ra and 
the f l ash was a t t a c h e d  to the b racke t wi th a h o t - s h o e  adap t o r  
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ava i l ab l e  a t  cam e ra s t o re s . Th e f l a s h  i s  e l e c t ri cal l y  c onne c t -
e d  t o  the cam e ra by mean s  o f  a P C  c o rd .  
Moun t ing the f l a s h  und e rneath the l en s  has s everal ad-
vantag e s . The f l a s h  re f l ex wi l l  o c cur o n  t h e  l owe r p o rt i on 
o f  t h e  c ornea where i t  wi l l  no t usua l l y  aff e c t  the p i c ture . 
No s e  re f l e c t i ons imag e d  on t h e  c o rn e a  are minimi z e d  when the 
l i gh t  c ome s to the eye from d i r e c t ly s t ra i g h t  ahe a d .  Wi t h  
the f l a s h  moun t e d  und e rne ath the l e n s , no adj us tment n e e d  be 
made f o r  pho to graphi ng r i gh t  o r  l e f t  eye s . 
The b e l l ows cam e ra sys t em r e qu i r e s  much s h o r t e r  wo rking 
d i s tanc e s  due t o  the h i gh magn i f i ca t i on ,  s o  the f l a s h  was 
moun t e d  s o  as t o  proj e c t  from the l a t e ra l  s i de o f  the eye 
be ing pho t o g raph e d . The f la s h  was moun t e d  on a s e c t i on o f  
f l exib l e  tub ing wh i ch was a t tach e d  t o  t h e  h e a d  re s t .  The 
f la s h  c ou l d  then be move d t o  any d e s i re d  p o s i ti on much l i k e  
a g o o s en e c k  l amp . The f l a s h  was c onne c t e d t o  the c ame ra by 
mean s  o f  a PC c o rd .  A l O cm d i s tan c e  was maintained b e tween 
the eye and the flash t o  ke e p  the amount of i l lumina t i on 
s tandard . Thi s short f l ash- eye d i s t an c e  was ne c e s s ary b e c au s e  
o f  the' c l os e  proxim i ty o f  the c ame ra l ens to- t h e  eye . 
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T h e  g r e a t e s t  prob l em wi th the i l luminat i on in t h e  b e l l ows 
s ys t e m  was re f l e c t i ons . S in c e  the f l a s h  came in from the s i de , 
t h e  no s e  wou l d  o ft e n  b e  re f l e c t e d  in the c o rn e a .  Wi th h i g h  
magni fi c a t i ons , t h e  c o rn e a  can o c cupy a l l  o f  t h e  p i c ture . 
Thi s  malrn s any c o rneal re f l e c t i ons more o f  a p rob l em due t o  
the i r  l arge s i z e . W e  re du c e d  t h e  no s e  re f l e c t i ons t o  s ome 
ext ent by u s ing a b lack r i ng of pap e r  around the eye 1,;h i ch 
c ove r e d  the no s e .  Eye lash r e f l e£ t i ons are usua l ly pre s ent , 
but cau s e  l i t t l e  prob l em .  P roj e c ting the f l a s h  from under­
n eath the l ens woul d h e l p  the s e  prob l ems , but there i s  s ome 
di ffi cu l ty wi th having enough r o om to p o s i t i on it there . 
Th e r e  are four var i ab l e s  t o  be c on s i de r e d  when c a l cul at tng 
the amount of f l a s h  i l luminati on ne e de d  f o r  pro p e r  expo s ure 
of the f i lm .  They are : 1) output of the e l e c tron i c  f l a s h , 
2) d i s t an c e  o f  t h e  f la s h  from t h e  eye , 3 )  e ff e c t iv e  f- s t op 
o f  the cam e ra sys t e m , and 4 )  th e ASA o f  the f i lm u s e d .  We 
c a l culate d  what fra c t i on o f  the f la s h  output wa s ne e d e d  for 
a p i c ture , then u s e d  ape rature s and neu t ral dens i ty f i l t e r s  
t o  l imi t t h e  outpu t  t o  that frac t i on .  The output o f  an e l e c­
t roni c f l a s h  i s  commonly s p e c i fi e d  a s  a gui de numb e r . The 
gui de numb e r  i s  e qual t o  ( f lash-to - subj e c t  di s tan c e  i n  f e e t ) 
mul t i p l i e d  by { f- s t o p  s e t t ing ne e de d  f o r  p r o p e r  exp o sure ) . 
Thi s i s  usual ly s p e c i f i e d  f o r  ASA 25 f i lm .  The di s tanc e o f  
the f l a s h  from t h e  subj e c t  i s  a variab l e  that i s  a c c ounte d  
f o r  i n  the gui de numbe r  f o rmu l a .  In mac ropho t ography t h e  
f l a s h  i s  ve ry c l o s e  t o  t h e  s ubj e c t  and canno t b e  c ons i de r e d  
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a p o int s ourc e . Thi s  introdu c e s  e rr o r  into t h e  c a l c u l a t i ons . 
The e f f e c t ive f- s t o p  o f  the cam e ra sys t em mus t  be c a l culat e d .  
A s  the amount o f  l en s  ext ens i on i s  i ncre as e d ; t h e  f - s t o p  
markings o n  th e l ens are no l ong e r  c o rre c t  b e caus e o f  t h e  
l i ght l o s s  re s ul t ing from increas ing t h e  l en s - cam e ra di s tanc e . 
The f o l l owing f o r.nul a  d e t e rmine s ·what f- s t o p  i s  in e f f e c t  i n  
t h e  m o d i f i e d  s y s t em :  
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Ef f e c t iv e  f- s to p = 
(mark e d  f- s t op)X( l en s  ext ens i on + f o cal l e ngth) 
( fo cal l ength ) 
Onc e the amount o f  f l a s h  r e du c t i on i s  c a l cu l at e d ,  t h e  
f l a s h  can b e  b l o ck e d  o f f  o r  f i l t e r e d  t o  give t h e  de s i re d  
r e s ul t . I f  di f f e rent ASA f i lm s p e e ds are u s e d ,  thi s mus t  b e  
c ompensat e d .  Doub l i ng t h e  f i lm s p e e d  i s  e qual t o  o pening t h e  
camera l ens b y  o n e  f- s t o p . As a fas t e r  f i lm i s  us ed , t h e  
f l ash output mus t  b e  r e du c e d  o r  th e l ens ape rature mus t  b e  
c l o s e d  down one s t o p . 
The amo un t  o f  l i gh t  n e e de d  whe n  t h e  camera l en s  was at 
i t s  smal l e s t  mark e d  ape rature ( f - 1 6 ) was cal culat e d. Thi s was 
done to give the l arge s t  d e p th of f o c u s  p o s s i b l e . Th e  f la sh 
output was adj us t e d  unt i l  t h e  p ro p e r  expo sure c ou l d  b e  obtaine d 
wi t h  t h e  l ens ape rature at f - 1 6 . 
The pro c e dure fo r c a l culat ing f la s h  i l lumina t i on i s  out-
l in e d  in Appendix II. I t  mus t  b e  r ememb e r e d  that t h i s only 
g ive s a rough approximat i on of the f l ash i nt en sity r e quired. 
Final cal ib ra ti on o f  the f la s h  mus t  b e  done by tri�l and e rro r .  
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We u s e d  o . 6  neutral dens i ty f i l t e rs whi ch have a transmi s s i on 
o f  25%. Thi s  gave a two f- s to p  change \vi th each change o f  
one f i l t e r .  
The hand-he l d  exten s i on tube sys tem r e qu i r e s  a minimum 
2 5  
o f  t ime and e ff o rt t o  o p erate once the f l a s h  has b e en cal ibrat e d .  
The s hu t t e r  s pe e d  i s  a c on s t ant 1 /60 s e c ond when the c ame ra 
i s  u s e d  wi th a f l a s h  s t rob e . The f- s t o p  and f l as h  outpu t  
a r e  s e t  as re qui r e d  f o r  the magni f i c at i on us e d .  The f l a s h  
i s  r o t a t e d  unt i l  i t  po ints d i re c t ly at the eye . T h e  sub,j e c t  
i s  s ea t e d  i n  a cha i r  o r  a sked t o  s tand qui e t ly .  Normal room 
i l luminat i on is ne e d e d  f o r  f o cus ing . The examine r  move s the 
cam e ra in and out unt i l  the eye i s  f o cu s e d  in the v i ewf inde r 
and the p i c ture i s  take n .  S l i ght movements are o f  no c on­
s e quence s in c e  the f l a s h  l a s t s  only 1/3000 s e cond and any 
movement i s  frozen a s  th e p i cture i s  taken . 
The b e l l ows sys tem i s  moun t e d  on a tab l e - t o p  t ri p o d .  
once t h e  subj e c t  i s  s ea t e d  a t  the head re s t , the tri p o d  can 
b e  move d unti l  the came ra i s  cent e re d  in front of the eye t o  
b e  pho t ographe d .  The t r i p o d  can b e  move d back and f o rth 
unt i l  a gro s s  f o cus i s  f ound . The f o cu s ing rai l on the b e l l ows 
i s  then u s e d  for fine f o cus . The ape rature of the l ens i s  
o p ene d c omp l e t e ly and the h i gh intens i ty l i ght i s  di re c t e d  
a t  the subj e c t  t o  a l l ow f o cus ing . The flash i s  p o s i t i oned on 
i t s  f l exi b l e arm unt i l  it i s  dire c t e d  at the pati ent ' s  eye at 
the de s i re d  di s tanc e , u sual ly l O cm .  Aft e r  f inal f o cus ing , 
the h i gh int ens i ty l i ght i s  turne d o ff to r e du c e  c orneal r e f l e c �  
t i on s  and t h e  p i c ture i s  taken . 
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Fluore s c e in p i c ture s c an b e  t aken wi th a rnacro pho t o g raphy 
sys t em by us ing a b lue f i l t e r  on the f l a s h .  A Wra t t en f i l t e r  
No . 47A was u s e d  over t h e  flash ap e rature . Thi s f i l te r  trans -
mi t s  only t h e  b lue and ul travi o l e t  re g i on o f  t h e  s p e c trum . 
There was s ome d i f f i cu l ty g e t t ing enough fluore s c e i n  exc i -
tation to s h ow u p  o n  t h e  p i c ture . The re were two probab l e  
re as ons f o r  thi s .  One was a t e ndency t o  unde rexp o s e  the p i e-
ture . We f ound that a s l i gh t  ove rexpo sure was ne e d e d  to 
bring out the f luore s c e in ,  r e su l t ing in a haz i ng o f  t h e  de-
tai l s  of the eye . Ano the r re a s on may b e  the fac t that the 
cardb o ard ap e rature cut t h e  f l a s h  window area in one - hal f . 
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T h e r e  i s  a l imi t e d  amount of UV l i gh t  avai lab l e  from the f l ash 
and t h i s ape rature woul d  r e du c e  i t  s i gni fi c ant ly . It may be 
b e t t e r  t o  u s e  a ful l fl ash window and u s e  f i l ters rathe r 
than ape rature s .  Thi s c o u l d  a l l ow mo re UV l igh t t o  b e  trans -
mi t t e d  and t h ereby increas e fluore s c e in exc i t a t i on .  W e  d i d  
no t t ry u s ing a ye l low f i l t e r  over t h e  c ame ra l en s  a s  has 
b e en sugge s t e d  i n  the l i t e rature . Thi s could help increase 
the fluore s c e in c ontras t .  
S l i t  Lamp Pho t ography; : 
B e cau s e  o f  l imi t e d  f inan c i al backing we we re unabl e  t o  
a c qu i r e  t h e  c omme rc i a l ly avai lab l e  c amera attachment f o r  t h e  
Mentor s l i t  lamp . W e  d i d ,  howeve r ,  des ign and produ c e  an 
adapt o r  whi ch would al low us t o  take p i c ture s t hrough the 
Mentor s l i t  l amp . We a l s o  found that thi s  d e s i gn could b e  
adapt e d· for use o n  t h e  Bau s ch and Lomb Thorp e , Ame r i c an O p t-
i cal Campbe l l , Gambs , Marco ,  Top c on ,  and Ne i tz s l i t  lamp s . 
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Adap t o r s  we re made and u s e d  on al l but the Marc o  and To p c on 
s l i t  l amp s . S e e  App e ndix IV for a diagram o f  th e Ment o r  
adap t or . 
The adap to r i s  moun t e d  on the s l i t  l amp by f i r s t  re ­
moving one eye p i e ce and s e t t ing the ins t ruments P .  D .  at i t s  
wi de s t .  The eye p i e c e  i s  ins e rte d into the came ra s i de o f  the 
adap t or . The e y e p i e c e  wi th the adap t o r  i s  i ns ert e d back 
into the eye p i e ce tub e o f  the s l i t  lamp and the thre e thumb 
s c rews are t i gh t ene d .  The camera back i s  then a t t a c h e d  t o  
the adap t or i n  e i ther a hori z ontal o r  ve r t i cal p o s i t i on .  
The camera i s  pu t  into pa rfocus b y  u s ing the normal eye p i e c e  
focus ing ring and a narrow s l i t  on the focus ing rod . 
Focus ing f or a p i c ture i s  b e s t  d one by vi ewing through 
the camera v i ewfinde r .  The focus c oul d be l o s t  i f  the c l in­
i c i an vi ewed through the oth e r  eye p i e c e  and change d  h i s  a c ­
c ommodat i on .  
Expo sure s e t ting i s  a c c omp l i s h e d  by ut i l i z ing the bui l t­
i n  expo sure me t e r  of the SLR came ra and adj u s t i ng the shutt e r  
s p e e d .  Thi s  worke d wel l  for p i c ture s u s ing ful l d i ffus e 
i l luminati on .  When the :i l lumina t i on was a narrow s l i t ,  the 
l i gh t  me t e r  b e came very d i f f i cul t  t o  read s in c e  i t  was super­
imp os e d  on a b lack background in the vi ewfind e r .  Through 
trial and e rror i t  was found that s hu t t e r  s p e e d s  of b e -
twe en 1/4 and 1/30 s e c on d  work e d  we l l  i n  narrow s l i t  s i tu­
ati on s  whe re the l i gh t  me t e r  c oul d not be read. Opt i cal 
s e c t i ons of the cornea were ob taine d wi th exposure t ime s of 
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1/2 to 1 second. Needl e s s  t o  say the patient mus t  be co-
o p e rat ive and h o l d  ext reme ly s t i l l . Even at thes e  l ong ex-
po s ure s g o o d  p i c ture s were obtained .  I n  very l ow l i ght s i t-
uat i ons a f l a s h  sys tem woul d b e  a d i s t in c t  advantag e. When 
the camera ' s  l i ght meter  i s  used , the exposure times vary 
from 1/4 to 1/500 second depending on the i l luminati on l eve l 
and the amount of  l i ght r e fl e c t e d  by the subj ect  matter ( e. g. 
s c l e ra c otipare d to a dark i ri s ). For mo st pictures and 
especially narrow· s l i t s  the i lluminati on should be · turned 
as h i gh as p o s s i b l e  t o  pe nni t faster shutte r  speeds . A 
cable  shutter re lease i s  al s o  h e l p fu l  on the longer expo sures .. 
The advantages  o f  this sys tem are as fol l ows : 1 )  in­
expens ive , 2 ) s impl e and fast t o  mount on s l i t  lamp , 3) easy 
to  u s �  4 )  exc e l l ent photographs re sul t , 5 )  adaptors can be 
made f o r  s l i t  l amps whi ch have no factory photographi c sys­
t em,  and 6) almos t  any brand of camera that the optometris t  
may have can b e  use d ,  such a s  Canon , Nilrnn , Minol ta ,  Olympus , 
and Pentax. The c o s t  o f  producing one of  the se  adaptors i s  
about $45 and a camera bacl{ can b e  purchased for roughly 
$1 50-$200.  Thus the system only cos t s  $200-$250 compared 
to  the Mentor  factory system whi ch i s  $885 . 
The di sadvantages  of this syst em are : 1 ) the l ow light 
l eve l s  inherent in any non-flash i llumination system nece s s­
i tates  l ong exposure time s ; 2 )  diffi culty in seeing the 
li ght meter in the viewfinder with certain il luminati on 
modes such as narrow slits . Thi s  may be solved to some 
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extent by u s ing one o f  the new came ras that have an LED 
( l ight emi t t ing di o de } readout f o r  the l i ght me t e r ;  3 )  s ince  
the l i ght s ou r c e  i s  a tung s ten bulb , the p h o t og raph s wi l l  
have a r e d d i s h  t int unl e s s  a tung s t en c o l o r  balan c e  f i lm i s  
us e d ; 4 )  the d e p t h  o f  f o cu s  i s  qui t e  s hal l ow at h i gh mag-
ni f i c a t i ons ; 5 )  the f o c u s ing s cre en of the c ame ra i s  s ome -
wha t  c oars e  and grainy whi ch mak e s  i t di f f i cu l t  t o  f o cus 
on very smal l d e t a i l s . A d i f f e rent focus ing s c reen may 
h e l p  s o lve thi s p rob l em .  
The Men t o r  s l i t  l amp s e eme d t o  l end i t s e l f  be t t e r  f o r  
p h o t og raph i c  app l i c a t i on than any o f  the o th e r  s l i t  l amp s .  
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The Mar c o  and T o p con w e r e  not tri e d  b u t  s h ou l d  wo rk i dent i cal ly 
to the Ment o r .  Th e i l luminat i on sys t em o f  the Hen t o r  s e em e d  
t o  b e  the b e s t  o f  the group o f  s l i t  l amp s t ri e d .  The Men-
t o r  adap t o r  a l l ows u s e  of e i th e r  the l OX or 1 6X eye p i e c e  
a s  wel l  a s  b o th magni f i cat i ons o f  the mi c ro s c ope head . Th i s  
g ive s four di f f e rent magni f i c a t i ons whi ch have f i e ld s  o f  
vi ew o f  1 6 , 1 1 ,  7 ,  and 5 mi l l ime t e r s . 'rh e re was one pro b l em 
w i t h  the i l lumina t i on sys t em in that t h e  l arge s t  s p o t  o f  
l i gh t  i s  8 mm  i n  d i ame t e r .  The f i e l d  o f  vi ew o n  the l owe r 
magn i fi c at i on i s  grea t e r  than thi s s o  the r e s u l t ing p h o t o -
graph h a s  a sma l l  l ighte d  area surroun d e d  b y  a b l a ck vo i d  • 
T o  c i rcumvent t h i s prob l em a p l a s t i c  d i f fu s e r  was i n s e r t e d  
b e t1veen t h e  l i gh t  s ource and t h e  s l i t  l amp mi rro r .  Thi s 
di f fu s e s  the l i gh t  ove r a larg e r  are a and i l lumina t e s  the 
enti re p i c ture . The d i ffu s e r  worke d much b e t t e r  than our 
L... 
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fi r s t  i de a  o f  us ing a minus l en s  to s p read the l i gh t  out . 
The d i f fus e r  can b e  e as i ly f l i pp e d  out o f  the way f o r  s l i t  
i l lrnninat i on o r  h i gh e r  magni f i cati on whe re i t  i s  n o t  n e e de d .  
r h e  Bau s ch and Lomb Thorpe s l i t  l amp was probab ly the 
p o o re s t  candi date for p h o t o g rap h i c app l i cat i on s . I t s  main 
prob l em i s  the i l luminat i on sys tem .  The s l i t  doe s  not open 
up t o  a ful l s p o t  o f  l i ght . 
The Ame ri can Opt i cal Crunpbe l l  s l i t  l amp p r o du c e d  ac-
c e p tab l e  p h o t o graphs us ing th i s  typ e o f  adapt o r .  Howeve r ,  
i t  was no t a s  easy t o  u s e  as the Ment o r .  
The Gamb s s l i t l amp had the l a rge s t  i l luminat e d  s p o t  o f  
a l l  the ins trumen t s . The main di sadvan tage o f  thi s s l i t  
l amp was di s t or t i on p r o du c e d  i n  the p e r i ph e ry o f  the p i c ture s . 
The N e i t z  s l i t  l amp d i d n o t  have the sharpne s s  that the 
other i n s t rument s  had . Wi th the N e i tz you al s o  have t o  di s-
as s emb l e  the adap t o r  and ins e rt the o t h e r  eye p i e c e  when you 
ltant to change magni fi cati on . 
F i lm resul t s : 
The i deal f i lm f o r  o cular pho t o g raphy w6uld be a gene ral 
purp o s e  f i lm whi ch c oul d b e  us e d  in b o th s l i t  l amp and mac ro-
phot o graphy .  One f i.lm i s  de s i re d  s o  that t h e  pho to graphe r  
can g e t  u s e d  to i t s  qual i ti e s and do e s  n o t  have t o  change 
back and fort h  from one f i lm to ano the r .  The f i lm should 
pro duce a t rue c o l o r  rendi t i on ,  sharp d e tai l ,  and have fas t ,  
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inexp ens i ve pro c e s sing avai l ab l e . The fi lm s h o u l d  a l s o  b e  
a r e l ative ly fas t f i lm s in c e  the i l l umina t i on l eve l i n  the 
s l i t  l amp i s  l imi t e d .  
A fas t  f i l m  i s  one whi ch i s  v e ry s en s i t ive an d  do e s  not 
r e qui re a great deal of l i gh t  to produ c e  the pi c ture . The 
ASA rat ing t e l l s  how " fas t11 it i s .  A larg e r  numbe r  ASA is a 
f a s t e r  f i lm .  When th e ASA i s  doub l e d ,  as from 200 t o  400 , the 
f i lm is twi c e  as f a s t  and re qui re s only 1/2 as much l i ght t o  
exp o s e  i t .  Thi s mean s  that f o r  a give n f - s t o p  the ASA 400 
f i lm may be exp o s e d  at one shutt e r  s p e e d  fast er than the ASA 
200 f i lm .  There are thre e variab l e s  c on c e rne d  wi th fi lm 
expo sure ; f - s top , s hut t e r  s pe e d ,  and f i lm s p e e d .  In the s l i t  
l amp the f- s t o p  i s  a fixe d ,  non-variabl e  fac tor . The shu t t e r  
s p e e d  i s  s t i l l  a variab l e  but can n o t  b e  t o o  s l ow o r  subj e c t  
movement b e c o me s  a prob l e m .  Fi lm s pe e d  i s  t h e  o t h e r  variab l e  
that can b e  u s e d  t o  a l l ow reas onab l e  shu tt e r  s p e e d s . We 
f ounq that an ASA 400 wo rke d we l l  wi t h  the s l i t  lamp . Thi s  
i s  the fas t e s t  ASA t hat can b e  prac t i cal ly u s e d  and s t i l l  
maintain g o o d  re s o luti on o f  detai l . The faster a f i lm i s , 
the graini e r  i t  t ends t o  be . 
S l i de s  s e em t o  b e  the format o f  cho i ce f o r  the p i c ture s .  
S l i de f i l m  i s  capab l e  o f  produc ing h i gh qua l i ty p i cture s and 
i s  c on s i de rab ly l e s s  expens ive than c o l o r  print s . S l i de s  
are al s o  easy t o  s to re . The di s advantage h e re i s  that 
e i th e r  a proj e c tor or a s l i de vi ewe r mus t be s e t  up in o rd e r  
t o  vi ew them. I f  a c o l o r  print i s  de s i re d  i t  may b e  obtain e d  
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from t h e  s l i de , but image qual i ty i s  not a s  g o o d  a s  a print 
d i re c t ly from a negat ive . 
Co l o r ne gat ive s pro du c e  exc e l l ent pho t ograph s . Some 
p e o p l e  prefer to l o ok at a print i n s t e ad of go ing to the 
trotib l e  to s e t  up a pro j e ct o r  or s l i d e  vi ewe r .  The d i s -
advantage o f  c o l or print s i s  the i r  re l at ive ly h i gh c o s t  whi ch 
i s  at l e a s t  twi ce the co s t  o f  s l i de s .  There are s everal new 
h i gh s p e e d  c o l or negat i ve f i lms now avai lab l e  inc luding 
Kodac o l o r '100 and Fuj i c o l or 400 . We found that Ko da. c o l o r  
-!rOO p r o du c e d  exc e l l ent re sul t s  an d  i s  more avai l ab l e  than 
o th e r  brands . 
Black and white f i lm has l imi t e d  u s e  in the modern opt-
ome tri c o f f i c e .  C o l o r  i s  vi t a l  to the r e c ording o f  infor-
mat i on in mo s t  o f  the s i tuat i on s  tha t  s h oul d be re c orde d for 
future re ference . Black and whi t e f i lm h a s  no c o s t  advantage 
s in c e  i t  is ab out the s ame c o s t  as c o l or s l i de s . We a l s o  
found that mo s t  pho to graph i c  f i lm pro c e s s ors d o  s o  l i tt l e  
bus ine s s  i n  b lack and whi t e  that i t  t akes l onger to re c e ive 
the re s ul t s . 
We i nve s t i gat ¢ d  s everal c o l or s l i de f i lms including 
Kodak H i gh-Spe e d  Ektachrome , Fuj i chrome RlOO , and GAF 5 00 . 
Hi gh-Spe e d  Ektachrome 200 i s  a ve ry g o o d  f i lm that i s  c om-
manly ava i l ab l e  and give s exc e l l ent re sul t s . Thi s f i lm 
can a l s o  be push pro c e s s e d  t o  a l l ow exp o s ure a t  ASA 400 
i n s t e ad of the normal ASA 200 . Push p ro c e s s ing i s  more ex-
pens ive , but the c o s t  i s  s t i l l  l e s s  than that o f  c o l o r  
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print s . 
Fuj i ehrome lUOO i s  rat e d  at ASA 100 and we pushed i t  t o  
ASA 400 . Th i s  re sul t e d  in a very grainy p i c ture wh i ch al s o  
had an extreme re ddi sh t int . For the s e  rea s ons we found 
i t iu1ac c eptab l e  for our purpo s e s . 
GAF 500 i s  rat e d  at ASA 5 00 whi ch i s  fas t enough t o  not 
requ i re pushing . The p i c ture s we re qu i t e g rainy and un­
a c c e ptab l e  in compari s on to the resul t s  from other rilms . 
We found one fi lm whi ch c ome s ve ry c l o s e  t o  me e ting our 
i deal requi rement s .  It i s  Eas tman c o l o r  negat ive 5 24 7 . Thi s 
i s  a c o l or negative f i lm and no t a s l ide f i l m ; howeve r ,  the 
p ro ce s s ing l ab c an make s l i d e s  from i t  a s  we l l  a s  p rint s . 
Thi s  a l l olv S the d o c t o r  t o  have e i th e r  prints o r  s l i de s  o r  
both made f rom i t .  The 5 247 f i lm may b e  exp o s e d  a t  ASA ' s o f  
100 , 200 , o r  400 wi th no extra pro c e s s ing charg e . The c o l o r  
balan c e  can b e  regulated i n  the p ro c e s s ing de pending on 
whether i t  i s  exp o s e d  with day l i ght f l ash or tung s t en l i ght . 
The proc e s s ing c o s t  was only $6 . oo for a 36 exp o s ure ro l l  
and includ e s  negative s , mounted s l i de s , and a r e p l a c ement 
ro l l  o f  f i lm .  'fhe proce s s ing t ime from mai l ing t o  d e l ive ry 
o f  s l i de s  vas ab out one we e k .  S l i d e s  from t h i s  f i lm appear 
to be vepy sharp and c l ear even when exp o s e d  at a high ASA 
ratii:ig . 
We were unab l e  to ful ly inve s t i gate the prac t i cal u s e s  
o f  infra-re d f i lm i n  ant e ri or s e gment pho t o g raphy a s  intended .  
Ko dak Ektachrome Infra-Red C o l o r  f i lm was t ri e d  us ing a 
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Wra t t e n  No . 1 2  f i l t e r  ove r the s l i t  l amp l en s e s . Thi s  f i lm 
di d no t p e rmi t s e e ing through c o rneal o pac i t i e s  as has b e en 
r e p o r t e d  in the s i tuat i on s  whe re i t  was tri e d .  I t  did cau s e  
p i gmentary depo s i t s  on the iri s t o  s tand out much b e t t e r  than 
regular c o l o r  s l i de f i l m .  Infra- re d f i lm may be o f  value i n  
pho to graphing p i gmente d g rowths o f  t h e  eye s . Ove ral l ,  we did 
not f ind that infra- red f i lm produ c e d  a s i gni f i c ant amount o f  
informat i on ove r that p rovi ded by regular c o l o r  f i l m .  
Discu s s i on 
I t  i s  imp ortant f o r  the o p t ome t ri s t  t o  pho t o - do cument 
c e rtain o cular abnormali t i e s  s e en in hi s pati ent popul a t i on .  
Th e areas that can b e  pho t o graph e d  us ing our me thods include : 
eye l i ds , c onj unctiva , c o rnea , ant e r i o r  chamb e r ,  i ri s , pup i l ,  
lens , and contact l ens e s .  The op tometri s t  who has de c i de d  
that he want s  t o  inc o rporate pho t o g raphy i n t o  hi s pati ent 
care rou t ine mus t  de c i de ·wh i ch type o f  photgraphy wi l l  s erve 
hi s purp o s e s  be s t .  Exp ens e i s  al s o  a fac tor be cau s e  o f  the 
h i gh c o s t  of ava i l ab l e  fac t o ry sys t ems . The o p t ometri s t  
who wou l d  l ike t o  d o  pho t ography but can not afford the s e  
sys t ems can d o  a s  we di d and bui l d  h i s  own sys t em for a c on-
s i de rab l e  saving s . 
The first and p o s s ib ly the l e.as t exp ens ive method o f  
photggraphy i s  s l i t  lamp pho t o graphy . In our method the 
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only ne c e s s ary e quipment i s  a camera back and the adap t o r  
t o  mount t h e  came ra o n  t h e  s l i t  l amp . Wi th such a s ys t em 
the prac t i t i oner i s  abl e  to pho tograph anyth ing that can ·u e 
s e en through the s l i t  lamp . Sub t l e  c orne al detai l s  can b e  
qui t e  di ffi cul t t o  pho t o graph and a f l a sh pho tographi c s l i t  
lamp system would b e  o f  advantage he re . For g eneral s l i t  
l amp pho t ography our adaptor works qui t e  we l l . 
The l i gh t i ng sys t em o f  the s l i t  l amp i s  uni que in the 
vari ous ways that the eye can b e  i l luminat e d .  A s l i t  h a s  
t h e  advantage o f  enab l ing the optome tri s t  t o  c re a t e  an op­
t i c  s e c t i on o f  t h e  c ornea o r  l ens to s tu dy opaci t i e s . Thi s  
i s  no t p o s s i b l e  wi th a mac ropho tography sys t e m .  The prob l em 
h e re wi th a non- f l a s h  l i gh t ing sys tem i s  that l ong exp o s ur e s  
o f  u p  t o  one s e cond are s om e t i m e s  ne e de d  when us ing a v e ry 
narrow s l i t .  
The f o cu s ing o f  the s l i t  l amp c amera i s  very s imp l e  by 
u s e  of the j oy s t i ck .  The camera i s  eas i ly mounted and re­
move d a s  n e e d e d .  The s l i t  l amp came ra such a s  our Ment o r  
sys t em g ive s magn i f i cat i ons from 2 : 1  t o  7 : 1 . Thi s  c o rre­
s ponds to f i e l d s  o f  view from 16 t o  5mm re s p e c t ive ly. The s e  
magn i f i cat i on s  cove r mo s t  pho t ographi c s i tuat i ons . 
The r e  are s i tua t i ons whe r e  a s l i t  l amp i s  not the i deal 
pho t o graph i c t o o l . L e s s  magni f i cat i on i s  n e e d e d  f o r  s ome 
l arge r  subj e ct s  such a s  the who l e  eye inc luding the l i d s  o r  
a b i la t e ral pi c ture showing eye p o s i t i on a s  i n  s trab i smus . 
I n  th e s e  s i tuations a macro pho tography sys t em i s  the 
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instrument o f  cho i ce . A handh e l d  apparatus c ons i s t ing o f  a 
cai:1era , l ens , cxtenti on tube s ,  t e l e - c onve rt e r ,  and flash wi l l  
p rovi de b i lateral pho t ogrµph s and up t o  2 : 1  magni fi cat i on .  
Such a sys tem i s  extreme ly handy for taking p i c ture s  of chi l -
dren b e cau s e  they d o  not have t o  be  cons trained t o  s i t  be-
hind a s l i t  lamp . I f  h i gh magn i f i cat i on i s  n e c e s sary a b e l -
l ows can b e  incorporate d  t o  g ive up t o  7 : 1 magni fi ca t i on .  
'11he  be l l mvs ne ce s s i tate s the u s e  o f  a t ri p o d  and chin re s t  
in  o rder to a l l mv fine fo cus ing . Al l o f  the macrophotography 
sys t ems produce exc e l l ent pi cture s and are only l imited by 
no t be ing abl e  t o  produ c e  s l i t  i l luminati on. 
S l i t  lamp phot ography is b e t t e r  than macrophotography 
in cas e s  whe re h i gh magni f i cat i on i s  us e d  to ob s e rve smal l 
fine detai l s .  The ut i l i ty o f  h i gh magni f i cation in macro-
pho t ography has not been ful ly exp l o re d  so it i s  hard to 
compare them as to p i c ture qual i ty.  The b e l l O'WS sys t em wi l l  
produce as  much magn i f i cat i on as mo s t  s l i t  l amps , but i t  i s  
much more cumbersome t o  pho tograph an are a o f  inte re s t wi th 
i t . 
We f e e l  that in order to pho t ograph any anterior path­
o l o gy that i s  s e en in the c l ini c the optometri s t  should 
have a s l i t  lamp camera and a hand-he. Id came ra . The s ame 
came ra back can be � s e d  for both of th e s e  sys t ems . The c o s t  
o f  the e qui pment needed i s  only ab out $400 and wou l d  b e  c on­
s i de rab ly l e s s  i f  the practi:ti oner already has a sui tab l e  
SLR camera f o r  personal u s e . I f  the optome tr i s t  do e s  not 
I_ 
L 
1\"i sh to make h i s  own system , he can purchase  COllil;lercial s l i t  
lamp came ras and macrophotography outfi t s . These are con­
s i derab ly more expens ive . The Henter 3 5mm came ra attachment 
i s  $885 and one c omme r c i al ly avai lab l e  ant e ri or segment 
macrophoto graphy outfit is $1700 . 
We re commend us ing e i ther Eastman c o l o r  negative 5 24 7 , 
Ko dak H i gh-S p e e d  Ektachrome 200 , o r  Ko da c o l o r  400 film 
when d o ing s l i t lamp photography . They shou l d  al l  be ex­
p o s ed at ASA 400 . For macrophotography we re commend using a 
s l ower film such as 5247 o r  Kodacolor I I  (ASA 125 ) .  Herc 
the fast f i lm i s  not as ne c essary be cause  of the f l a sh 
i llumination .  Again the Eastman color negative 5247 i s  the 
most versat i l e  f i lm since it c an b e  exposed at ASA 100 , 200 , 
o r  400 and c an b e  c o lo r  balance d  f o r  e i ther dayli ght or 
t ungs t en l ight . 
Fluoresc e in photo graphs can b e  taken wi th e i th e r  sl i t  
l amp o r  macrophotography te chniques. Wi th t he c obal t f i l ­
te r in p l a c e  o n  the s l i t l amp , the i l luminat i on i s  v e ry l ow,  
re qui ring l ong exp o sures .  Exposures o f  1 /4 s e c ond o r  more 
we r e  requ i re d .  A hand-he l d  c l ose-up system has the advant­
age of  a flash t hat produ c e s  mo re i l luminati on .  The di sad­
vantage of the hand-h e l d  s e t-up i s  that the fluoresc e in pat­
te rn cannot b e  v i ewe d wi thout a sl i t  lamp o r  Burton l amp. 
The pat t e rn must be c h e cke d and then the hand-he l d  system 
c an be use d to take the p i cture . Pi cture qual i ty app e ars t o  
b e  ade quate wi tl;l e i th e r  me tho d .  The l owe r magn i f i c at i on o f  
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the hand- h e l d  sys t e m  a l l ows a b e tt e r v i ew o f  t h e  overal l 
c on tac t l ens - l i d re l at i ons h i p . 
Anteri o r  pho t og raphy has b e en u s e d  more ext en s i ve l y i n  
the e l e c t ro d i a dno s t i c c l ini c at Pac i fi c  Unive rs i ty i n  an 
e ff o rt t o  have a more c omp l e t e re c o rd o f  any ext e rnal eye 
p r ob l ems . Pho t ographs have b e en taken o f  pat i en t s  wi th 
p t e ry g i ums , i ri s  atro phy , c o rn e a l  dys trophy , c o rn e al s taining , 
catnra c ts , and l i moal n e ovas cul ari z at i on t o  moni to r the p o s -
s i ble progre s s i on o f  the s e prob l ems . Th i s  i s  o f  s p e c i al 
imp o rtan c e  in a c l i n i c l ilce that at P a c i f i c Unive rs i ty whe re 
s everal c l in i c i an s  ·wi l l  b e  caring :f o r  the pat i ent ove r  a 
given t i me p e ri o d .  A p i c ture enab l e s  a new c l in i c ian t o  
qui ckly and eas i ly a s s e s s  any chang e s  i n  t h e  c ondi t i on o f  
t h e  eye . P i c ture s have b een talrnn o f  c ong eni tal anomal i es 
and var i ous traumat i c  c ondi t i on s  that are n o t  c ommonly s e en 
s o  that s tudent s wi l l  b e  ab l e  t o  vi ew the s e  thing s . 
I f  the o pt ome tri s t i nc o rp o rat e s  the s e  p h o t o graph i c  
me tho d s  into h i s prac t i c e  h e  shoul d b e  abl e  t o  b e t t e r  s e rve 
h i s pati ent s . Ile wi l l  be abl e to ke e p more ac curate and 
vivi d r e c o r d s  on hi s pati ent s .  I n  thi s  mann e r  s l ow s ub t l e  
cha...J.ges can be ob s erve d i n  the p a t i ent and c o rr e c t ive 
measur e s  talrnn . The pho tog raph i c me thods de s cr i b e d  do an 
e xc e l l en t  j ob at a r e a s onab l e  exp en s e and are s i mp l e  t o  
o p e rat e .  
3 8  
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Ante r i o r  Segment �racroph o tography System 
1/4 : 1  ( b i l at e ral ) Camera , 20 mm tub e , 2X t e l e - c onve r te r , 
l ens . 
3 9  
Worldng Distanc e : 5 0 cm Fi e l d : l )Oillill 
1 : 1  
2 : 1  
2 . 3 : 1  
5 : 1  
Camera ,  36mm tube , 2X t e l e-converter , 
1 2mm tube , l ens . 
Working Di s tance : 1 5 cm Fi e l d :  3 5mm 
Camera , 3 6mm tub e , 2X t e l e-conve rte r ,  
1 2mm tub e , � mm tub e , l ens . 
Working Di s tanc e : 7 cm Fi e l d :  18mm 
The s e  magnifi cation s  are used wi th the hand-he l d  
sys t em .  The c omponents are l i s t e d  in the order 
that they shoul d be placed on the came ra. The 
flash ( gnide number 28 .for ASA 2 5 ) is us e d  wi th 
1/2 aperture and no neutral den s i ty fi lters . f-1 6  
i s  us e d .  r he change i n  working di s tance c ompensate s 
for the increas e d  l i ght needed at higher magnifi­
ati ons . Thi s  flash cal ibration i s  bas e d  on ASA 200 
film.  The f- s t o p  can be change d  to compensate for 
s l ower f i lms . Exampl e : wi th ASA 100 fi lm ,  use f-1 1 .  
Camera , b e l l ows ( co l lap s ed ) , 2X 
t e l e - converte r ,  36mm tube , l ens . 
Working Dis tance : Scm Fi e l d : 1 6mm 
Camera , b e l l ows ( fu l ly extended ) , 2X 
tele-converte r ,  3 6mm tube , l ens . 
Working Di s tance : ? cm Fi e l d :  7rnm 
7 : 1 
L 
'-
- . . 
Hagni fi cations be t·ween 2 .  3-5 : 1 can be obtained 
by adj ust ing the bellows l ength . 
Camera ,  bellows ( fully extended ) , 2X 
tele-converter ,  l ens . 
Working Di s tance : 5 cm Fi eld : 5mm 
Wi th °'.)e l  l ows pho tography , the flash i s  maintained 
at lOcm from the eye . The flash calibrati on has 
not been completely tested , but 1/2 aperture with 
no neutral densi ty f i l ters works best  at 3-4 :1 
magni fi cati on and ASA 200 fi lm at f-16 . 
40 
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Appendix I I  
Cal culat i on o f  Ne e de d  F l ash Output 
Examp l e : Cal cul a t e  the flash output needed f o r  a 2 : 1  
hand-he l d  sys tem. 
A s s ume : Fl ash gui de numb e r  i s 28 f o r  ASA 25  
Lens t o  eye di s tan c e  = 7 cm 
Flash t o  eye d i s tanc e  = l O cm o r  . 3 3 ft . 
To tal ext ens i on = 7 2rrJl1 
We want t o  u s e  f- 1 6  fo r maximum de p th 
o f  fo cus . 
Th e 2X t e l e - conve rter mu s t  b e  c omp ens a t e tl  
f o r  b y  opening up two f- s t o p s . Thi s  i s  
the standard l i ght l o ss due t o  the u s e  
o f  a 2X t e l e - conve rt e r .  
41  
Gui de numb e r  = ( f - s t o p ) X( f la sh-to- subj e ct di s tanc e  i n  f e e t )  
29 = ( f-s to p ) X( . 3 3 ft . )  
f-s t o p  = 84 
Thi s i s  the e ffe ctive f - s t o p  we n e e d  f o r  pro p e r  exp o sure 
us ing ASA 25 f i lm .  Now w e  wi l l  cal culat e what a c tual 
f� stgp we ne e d  f o r  72m  of l en s  ext ens i on :  
(marked f- s t o p ) X ( l ens ext ens i on + f o cal l ength ) 
Effe c t ive f- s t op = o f  l en s  
f o cal l ength o f  l ens 
84 = ( marke d f- s t o p ) X( 1��) 
marke d f- s t o p  = 3 2  
Thi s  s ays that f o r  pro p e r  exp o s ure w e  ne e d  t o  s e t  th e l en s  
f- s to p  at 32 . We only have f- 16 o n  the l en s . f-3 2 i s  two 
f- s t op s  smal l e r  than f- 1 6 .  
f- s t op s : 2 ,  2 . 8 ,  4 . 5 ,  5 . 6 ,  8 ,  1 1 , 1 6 , 22 , 32 , 45 , 6 4  • • •  
We have f-3 2  and we n e e d  f-16 , whi ch cal l s  f o r  a redu c ti on 
in the l i ght we n e e d .  The 2X t e l e - c onverter cut s out two 
f-stops of l i ght , exactly c ompensating f o r  the reduc t i on we 
ne e d .  
L -
There fore the flash do e s  n o t  n e e d  t o  b e  change d  in any way 
t o  g e t  a theore t i ca l ly c o rre c t  exp o sure wi th ASA 25  f i lm .  
ASA 200 fi lm i s  3 f- s t o p s  m o re s ens i t ive than ASA 2 5  fi lm :  
ASA ' s :  25 , 50 , 100 , 200 , 400 , 800 
Each doub l ing of ASA c o rr e s p onds to 1 f-s t o p  or a 
change o f  1/2 the l i ght ne e de d .  
Wi th ASA 200 fi lm ,  you ne ed only 1/8 o f  the l ight t o  g e t  a 
p r o n e r  exp o sure as c ompar e d  t o  ASA 25  f i lm .  The f la s h  out­
put woul d  have t o  b e  r e duc e d  t o  1/8 o f  i t s  nonnal value by 
aperature s or neutral den s i ty fi l t e rs . 
r L 
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Appenrlix I II 
A Repre s entative Sys t em :  P entax J.!X came ra 
Thi s  i s  the l owe s t- pri c e d  SLR sys tem that inc lude s two 
f eature s that we f e e l  are valuab l e  in s l i t  lamp and macropho­
t ography . The s e  f eature s are inte rchange ab l e  fo cus ing 
s cre ens and LED l i ght me t e r  di s pl ay . 
Hand-he l d  sys tem : 
Be l l ows sys t e m :  
P entax MX ,  5 0mm f l . 7  l ens 
Ext ens i on tub e s  
2X t e l e - c onve r t e r  
Flash 
Bracke t ,  f i l ters 
T o tal 
Automati c b e l l ows 
Trip o d  
High intens i ty lamp 
Mi s c e l l ane ous 
Addi t i onal c o s t  
An instrument tab l e  and headre s t  are a l s o  
neede d .  
:;?250 
70 
40 
25 
1 5  
$1 3 5  
30 
10 
10 
$185 
The Canon sys t em w e  u s e d ,  wi th the same ac c e s s o ri e s ,  
c o s t  as fo l l ows : 
Hand-h e l d  sys tem : 
Add i t i onal b e l l ows ac c e s s o ri e s : 
Total : 
$310 
$120 
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Appendix I V  
Men t o r  s l i t  lamp camera adapt o r  de s ip1 : 
T 
I ' 
B 
S i de vi ew End vi ew 
.... / ____ A ----� 
Camera 
end 
Dimensions 
lt ::: 
B = 
c = 
D ::: 
E = 
F = 
G = 
II = 
L14mm 
'-x 9ram 
35mm 
2 3m:  
3hmm 
9 . 5mm 
9mm 
25 . 5mm 
Al l t o l e ranc e s  we re machine d t o  pro du c e  
a c l o s e  f i t t o  the eye p i e c e  when ins e r t e d  
into the adap t o r .  
A 11 T 11 adapt or i s  then f i t t e d  t o  the cam e ra end o f  the machine d 
adap t o r  t o  enable at tachmen t  t o  the c ame ra . 
4 4  
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Appendix V 
Pi c ture s o f  the apparatus : 
Hand-held apparatus showing the camera , lens extens i on ,  and 
flash b racke t .  
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46 
Macroph o t o graphy system showing cam e ra , b e l lows and l ens ext en-
s i on ,  t ri p o d ,  and flash . 
Men t o r  s l i t  l amp wi th came ra and adaptor in .place . 
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Appendix VI 
Hu.man subj ect release for..n :  
1 .  Instituti on 
A .  r i t l e  o f  p ro j e c t : Ant e r i o r  Segment Pho t o graphy 
B .  Investi gators : Stanley Nelson and Franl{ Pucke t t  
c .  Faculty Advisor : Dr. Robert Ye l t on 
D .  Locati on : Pacific Univers i ty C ollege of O p t ometry 
E .  Date : 1977- 1978 
2. D e s cript i on o f  P roject 
Th is p roj e ct inve s ti gates several meth o ds of obtaining 
anteri o r  photo graphs of the eye . We will e valuat e t h e  
qual i ty of results and the e as e  o f  u s e  o f  each o f  the s e  
photographi c  methods .  
3 .  De s cr ipti on o f  Risk s 
The risks involved in eye pho t o g raphy are minimal and 
are not greater than those incurre d i n  a normal o p t om e tri c 
exam . The flash used in eye photo graphy is comparab l e  i n  
brightness t o  that i n  normal ind o o r  flash p i ctures . B i o­
microsc o p i c  me thods of photo graphy requ i re a h i gh level 
of i lluminati on whi ch can cause slight discomfort. There 
may b e  s ome afterimages (spots before the eyes ) tha t 
occur from the i lluminati on. These will last no more 
than 10-15 minutes and are not harmful in any way . 
4 .  Descripti on of Bene f i ts 
Optometri c visual care can b e  improved by uti l i z ing o cu l ar 
photo g raphy to record abnonnali ti es of the eye and u s ing 
the photo graphs to mon i to r  ocular changes o ver time . 
Patient reco rds are very important and photography can 
be of much use i n  pati ent documentati on. We h o p e  to sh ow 
o ptometrists and o ptometry students that anteri or s eg­
ment photography is very useful and that i t  can be done 
with minimum cost and effort. 
5 .  O ff e!;., to Answ� r any Questi ons 
We will be happy to- answer any questi ons that you may 
have at any t i me during the photo graphy sess i on. 
6 .  Freedom to Wi thdraw 
You are free to wi thdraw your consent and to discontinue 
part i c i pati on in this project at any time without pre ­
judi c e  to you . 
I have read and understand the abo ve. I am 18 years of a g e  
o r  o ver. 
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